

















Credit Risk Modeling Approaches 
 
 











This article originates from a speech given by the author in the seminar organized by the Security 
Analysts Association of Japan (SAAJ) on September fifth of 2003 to commemorate the founding of 
the Certified International Investment Analyst (CIIA) qualification.  In the first half, I give a fairly 
comprehensive, non-quantitative summary of the recent developments of credit risk modeling 
approaches and techniques.  In the latter half, I illustrate a new convertible-bond (CB) pricing 
model that we developed using the reduced-form approach to handle the credit-risk component 
embedded in convertible bonds.  I also present some results of applying our model and, for 



































ç όϥϯεγʔτɾΞϓϩʔν͸ɺผ໊ʮߏ଄ܕΞϓϩʔνʢStructural Approachʣ ʯͱ
ݺ͹ΕΔɻόϥϯεγʔτɾΞϓϩʔνͷߟ͑ํΛ࠷ॳʹൃදͨ͠ͷ͸ϩόʔτɾϚʔτ
ϯͰɺϒϥοΫʹγϣʔϧζͷΦϓγϣϯධՁϞσϧ͕ൃද͞Εͨ௚ޙͷ 1974 ೥ʹɺΦ
ϓγϣϯධՁཧ࿦Λ༻͍ͯࣾ࠴ΛධՁ͢Δํ๏Λఏএͨ͠ʢࢀߟจݙ Merton [1974]ʣ ɻͦ
ͷޙɺ1980 ೥୅ޙ൒ʹɺถࠃαϯϑϥϯγείʹڌ఺Λஔ͘ KMV ίʔϙϨʔγϣϯʢݱ
ࡏͷ Moody’s KMVʣ͕ɺϚʔτϯͷΞϓϩʔνΛద༻ͯ͠اۀͷ౗࢈֬཰Λ༧ଌ͢Δα
ʔϏεΛ࢝Ίɺ࣮຿্େ͖ͳ੒ޭΛऩΊ͍ͯΔɻ 










ͷ͕ɺϚʔτϯͷண૝Ͱ͋ΔʢMerton [1974]ʣ ɻ 
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೔T ͷׂҾ࠴Λ 1 ຊ͚ͩൃߦ͍ͯ͠Δͱ͍͏୯७ԽΛߦ͍ɺঈؐ೔T ʹاۀՁ஋͕ࣾ࠴ͷ




µ ͸اۀࢿ࢈ͷظ଴੒௕཰ʢυϦϑτ཰ʣ ɺγ ͸اۀࢿ࢈͔Βͷݱۚྲྀग़཰Λද͍ͯ͠Δɻ
גࣜΛݪࢿ࢈ͱ͢ΔίʔϧɾΦϓγϣϯͷ৔߹ʹ͸ɺݱۚͷྲྀग़཰γ ͸גՁΛ෼฼ͱ͢Δ
഑౰རճΓΛҙຯ͢Δ͕ɺࠓͷϞσϧͰ͸ɺγ ͸ɺاۀࢿ࢈Λ෼฼ͱ͢Δݱۚྲྀग़཰Λҙ
ຯ͍ͯ͠Δɻσ ͸ɺاۀͷࢿ࢈Ձ஋ t A ͷ֬཰తͳಈ͖ͷϘϥςΟϦςΟʔͰ͋Δɻ 
Ҏ্ͷύϥϝʔλʔΛ࢖ͬͯɺݱ࣌఺t ͔Βɺޙͷ࣌఺T ·Ͱاۀ͕ଘଓ͢Δ֬཰
ʢsurvival probabilityʣΛٻΊΔͱɺ(1)ࣜͷΑ͏ʹ༩͑ΒΕΔɻ͜ͷଘଓ֬཰ (, ) ptT ͸ɺ 
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ࠓ೔࣌఺Ͱͷاۀͷࢿ࢈Ձ஋Λ t A ͱͯ͠ɺࣾ࠴ͷঈؐ࣌఺T Ͱ T A ͕DΛԼճΒͳ͍֬཰
Ͱ͋Γɺਤදʵ2 ͷਖ਼ن෼෍άϥϑͷࣼઢ෦෼ͷ໘ੵͰ͋Δɻ(1)ࣜͷ () ⋅ ĕ ͸ඪ४ਖ਼ن෼෍
ͷྦྷੵ෼෍ؔ਺Λද͍ͯ͠Δɻ 
 


























                  
(, ) utT 0 u
ਤදʵ2







t X ͸ɺࠓ೔࣌఺ʹ͓͚ΔʮσϑΥϧτ·Ͱͷڑ཭ʯ ʢdistance to defaultʣͰɺୈ 2 ηο
γϣϯͰҰํͷபͱͳΔ֓೦Ͱ͋Δɻ ࠓ೔࣌఺tʹ͓͚Δاۀࢿ࢈ͱෛ࠴ͷର਺஋ͷࠩ ʢ t A
ͱDͷൺ཰ͷର਺஋ʣΛͱΓɺϘϥςΟϦςΟʔσ Ͱׂͬͨ஋ͱͯ͠ఆٛ͞ΕΔɻର਺͕







ç ϑΝʔετɾύοηʔδɾϞσϧͷ৔߹ʹ͸ɺᮢ஋Dʢdefault boundaryʣ Λ૝ఆͯ͠ɺ
࣌఺Λ໰ΘͣاۀՁ஋͕DΛώοτͨ͠λΠϛϯάͰاۀ͕σϑΥϧτ͢Δͱߟ͑Δɻ 





















+− − +−    =−    −−   
ĕĕ
               ( 2 )  
ç ϑΥϫʔυɾσϑΥϧτɾϨʔτ(Forward Default Rate)ͱ͍͏֓೦΋͜͜Ͱఆٛͯ͠
͓͜͏ɻ ϑΥϫʔυ ɾ σϑΥϧτ ɾ Ϩʔτ (, ) ft T͸ɺ ࣌఺t͔ΒΈͯɺ কདྷͷ࣌఺T ͔ΒT +∆
·Ͱͷඍগͳ࣌ؒͷؒʹσϑΥϧτ͕ى͖Δ֬཰Λɺ୯Ґ࣌ؒ౰ͨΓʹ׵ࢉͨ͠΋ͷͰ͋
Γɺ(3)ࣜͷΑ͏ʹఆٛ͞ΕΔɻݫີʹ͸∆ Λ0 ʹ͚ۙͮͨۃݶ஋͕ (, ) ft T Ͱɺ(3)ࣜͷ࠷















ττ <+ ∆≥ ∆














çਤ ද ʵ 3 ͷϑΥϫʔυɾσϑΥϧτɾϨʔτͷΧʔϒΛΈΔͱɺθϩ೥ۙ๣ͷσϑΥϧ
τ֬཰͕ඇৗʹখ͍͜͞ͱ͕෼͔Δɻ͜Ε͸ɺޙͰઆ໌͢Δ༠ಋܕϞσϧͱൺֱͨ͠৔߹
ͷϑΝʔετɾύοηʔδɾϞσϧͷॏେͳܽ఺Ͱ͋Δ ʢΫϥγΧϧɾϞσϧͷ৔߹ʹ͸ɺ




ç ͜ͷ఺ͷमਖ਼ʹ͍ͭͯ͸ɺ̎ͭͷํ޲͕͋ΔɻҰͭ͸ɺ t A ͷ֬཰աఔʹδϟϯϓͷՄೳ










çਤ ද ʵ 4 ͸ɺϒϥοΫʹϚʔτϯʹγϣʔϧζɾλΠϓͷϞσϧͷΞϓϩʔνΛࣔͨ͠













0 اۀࢿ࢈ D 0 اۀࢿ࢈ D
D
0 اۀࢿ࢈ D
















tt t Ae d De d

























θϩ࠴Ձ֨  t A =− גࣜՁ஋                               ( 5 )  
ç   
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٬؍֬཰ͱϦεΫதཱ֬཰ 
ç (1)ࣜͷ (, ) ptT ͱ(4)ࣜͷ 1 () t d ĕ ͸ɺ͍ͣΕ΋ɺࣾ࠴ͷঈؐ೔T ʹاۀ͕ଘଓ͍ͯ͠Δ֬
཰Λද͍ͯ͠Δɻ࣮ࡍɺ(4)ࣜͷ 1t d Λมܗ͢Δͱ(1)ࣜͷ (, ) utT ʹͳΔ͕ɺΑ͘ݟΔͱ(1)ࣜ





































































λ ͱ * λ  
ୈ 2 ηογϣϯͰ͸ɺλ ͱ * λ ͱ͍͏̎ͭͷ֓೦͕ొ৔͢Δɻλ ͸ɺΘΕΘΕਓ͕ؒ಄
ͷதʹඳ͘اۀͷσϑΥϧτ֬཰ɺ * λ ͸ɺ ʮϚʔέοτͷਆ༷ʯͷ؟ڸͰݟͨσϑΥϧτ
֬཰Ͱ͋Δɻλ ͸ਓؒͷ൑அʹΑΔ٬؍తͳσϑΥϧτ֬཰ͰɺMoody’s-KMV ίʔϙϨ
ʔγϣϯ΍ʢגʣ֨෇౤ࢿ৘ใηϯλʔʢR&IʣͳͲ͕αʔϏεΛఏڙ͍ͯ͠Δ౗࢈֬཰
ͷ༧ଌ஋ͱߟ͑Ε͹Α͍ɻ * λ ͸ΑΓந৅తͳ֬཰Ͱ͋Δ͕ɺࣾ࠴ͷՁ֨΍ CDSʢCredit 
Default SwapʣͷϨʔτͳͲɺΫϨδοτ෺ͷՁ֨σʔλ͔ΒਪఆͰ͖Δɻͳ͓ɺݫີʹ
͍͑͹ɺλ ΋ * λ ΋ɺඍগͳִ࣌ؒؒʹ͓͚ΔσϑΥϧτ֬཰ͷ͜ͱΛࢦ͠ɺ ʮσϑΥϧτ
ڧ౓ʯͳ͍͠͸ʮσϑΥϧτɾΠϯςϯγςΟʔʯͱݺ͹ΕΔ͕ɺ͜Εʹ͍ͭͯ͸༠ಋܕ
Ϟσϧͷͱ͜ΖͰઆ໌͢Δɻ 
ç͜ ͷ λ ͱ * λ ͷؔ܎ʹ͍ͭͯͷΤίϊϝτϦοΫɾϞσϧͷߏங͕ɺୈ 2 ηογϣϯͷ
ςʔϚͰ͋Δɻ৴༻ϦεΫΛ಺แ͢Δۚ༥঎඼ͷϓϥΠγϯάʹ͸ద੾ͳ * λ ͷ஋Λ஌Δ
͜ͱ͕ඞཁͱͳΔ͕ɺλ ͱ * λ ͷؔ܎͕෼͔Ε͹ɺλ ͷ஋͔Β * λ ͷ஋Λܭࢉ͢Δ͜ͱ͕Ͱ
͖Δɻલऀͷλ ʹ͍ͭͯ͸ɺMoody’s-KMV ίʔϙϨʔγϣϯ͕ɺੈքதͰԿສࣾ΋ͷا
ۀͷ౗࢈֬཰Λఏڙ͍ͯ͠ΔͷͰɺ͜ͷ஋Λ࢖͑͹ɺࣾ࠴ͳͲ͕ࢢ৔ͰऔҾ͞Ε͍ͯͳ͍
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Intensity Modeling Approach ͱΑ͹ΕΔ͜ͱ΋͋Δɻ 
 
(2) ϙΞιϯաఔ 
ۮൃతʹൃੜ͢ΔՐࡂͳͲͷΠϕϯτ͕࣌఺t ·ͰʹԿճൃੜ͔ͨ͠Λ () NtͰද͢ɻ ॳ
ظ࣌఺Ͱ͸Πϕϯτ͸ະͩൃੜ͍ͯ͠ͳ͍ͷͰɺॳظ஋ (0) N ͸0 Ͱ͋Δɻͭ·Γɺ () Nt
͸0 ͔Βग़ൃͯ͠ɺ࠷ॳͷΠϕϯτ͕ى͖Δͱ 1 ʹͳΓɺͦΕ͔Β͋Δ࣌ؒͷܦաޙʹ·










ಉ͡ͱ͍͏ੑ࣭Ͱɺ ʮఆৗత૿෼(stationary increments)ʯͱݺ͹ΕΔɻ 
çୈ 3 ͷੑ࣭͸ɺΠϕϯτͷൃੜස౓ʹؔ͢Δ΋ͷͰ͋Δɻ۩ମతʹ͸ɺ 
() Pr ( ) 1 ( ), Pr( ( ) 1) ( ) Nt tot Nt ot λ ∆= =∆ +∆ ∆> = ∆ ççççççççç(6) 
ͱද͞ΕΔɻ ͭ·Γɺ ͘͝୹͍ظؒ t ∆ ͷؒʹΠϕϯτ͕ 2 ճҎ্ى͖Δ֬཰͸΄΅ 0 Ͱɺ
Πϕϯτ͕ஸ౓ 1 ճى͖Δ֬཰͸΄΅ t λ ∆ Ͱ༩͑ΒΕΔɺͱ͍͏ੑ࣭Ͱ͋Δɻ͜ͷͱ͖ɺ
ظؒ t ∆ ͷؒʹΠϕϯτ͕ 1 ճ΋ى͖ͳ͍֬཰͸  
  14 
çç       Pr( ( ) 0) 1 ( ) Nt tot λ ∆= =−∆ +∆                                ( 7 )  
ͱͳΔɻύϥϝʔλʔλ ͸୯Ґ࣌ؒ౰ͨΓͷൃੜ֬཰Λ͕ࣔ͢ɺ͜ΕΛʮΠϕϯτڧ౓





1 t λ −∆ t λ ∆
t λ ∆ 1 t λ −∆





1 t λ −∆ t λ ∆
t λ ∆ 1 t λ −∆











ճ਺ () Ntͷ෼෍͸ϙΞιϯ෼෍ɺ࠷ॳͷΠϕϯτൃੜ·Ͱͷ࣌ؒʢ 1 τ ͱه͢ʣͷ෼෍͸





() 1 Nt= ͱͳΔέʔε͚ͩͰ͋Γɺ 1 τ ͷΈΛݕ౼͢Ε͹Α͍ɻ 1 τ ͷີ౓ؔ਺͸ 
() ( ) exp , for 0 gt t t λλ =− >                              ( 8 )  
Ͱ༩͑ΒΕΔɻ͜Ε͕ࢦ਺෼෍ʢnegative exponential distributionʣͱݺ͹ΕΔ֬཰෼෍ 









1 t te d t
λ λ
λ
∞ − = ∫                                     ( 1 0 )  
Ͱ༩͑ΒΕΔɻ 
(9)ࣜͷ௨Γɺاۀ͕࣌఺t ·Ͱଘଓ͢Δ֬཰͸ () t λ − exp Ͱ͋Δɻ·ͨ 1 τ ͷظ଴஋ʢاۀ
ͷฏۉण໋ʣ͸1 λ Ͱ͋Δ͔Βɺ୯Ґ࣌ؒ౰ͨΓͰ͸ฏۉλ ճσϑΥϧτ͕ൃੜ͢Δ͜ͱ
ʹͳΔɻ۩ମతͳΠϝʔδͱͯ͠͸ɺྫ͑͹ 0.04 λ = ͱ͢Δͱɺ12 5 λ = ΑΓฏۉण໋
͸25 ೥ͱͳΓɺ̍೥Ҏ಺ͷσϑΥϧτ֬཰͸ 0392 . 0 ) 04 . 0 exp( 1 = − − ʢ3.92ˋʣͱɺ͔ͳ
Γେ͖ͳ਺ࣈʹͳΔɻ 
σϑΥϧτڧ౓Λࠨӈ͢ΔϑΝΫλʔͱͯ͠͸ɺ ֨෇͚ɺ اۀͷࡒ຿ঢ়ଶɺ גՁɺ ۚརɺ
ܠؾ॥؀ͳͲΛڍ͛Δ͜ͱ͕Ͱ͖Δɻ 
ݱ࣮తͳ༠ಋܕͷϞσϧͰ͸ɺσϑΥϧτڧ౓λ ͷ࣌ؒతมಈ΍֬཰తมಈΛڐ͢͜ͱ
ʹͳΔɻ σϑΥϧτڧ౓ͷ֬཰աఔ{} (): tt λ ą ͕ॴ༩ͷͱ͖ɺ ࣌఺tͰͷੜଘاۀ͕࣌఺T




t ptT E e




༠ಋܕϞσϧͰ࠷΋ྑ͘༻͍ΒΕΔ{} (): tt λ ą ͷϞσϧ͸ɺ Affine Intensity Ϟσϧͱݺ
͹ΕΔϞσϧͰ͋ΔɻͦͷجຊతͳܗͷҰ͕ͭ(12)ࣜͰ͋Δɻ 
() () () () dt k td tJ d N t λθλ =− +                                 ( 1 2 )  
͜Ε͸ɺδϟϯϓ෇͖ʮMean-Reverting Intensity Ϟσϧʯͱݺ͹ΕΔ΋ͷͰɺਤදʵ6
ʹͦͷΠϝʔδΛࣔ͢ɻσϑΥϧτڧ౓ () t λ ͕ϙΞιϯաఔʹΑΔδϟϯϓΛࢄൃతʹى
͜͠ɺδϟϯϓͱδϟϯϓͷؒͰ͸ฏۉճؼతͳܦ࿏ʹԊܾͬͯఆ࿦తʹಈ͘ͱ͍͏Ϟσ
ϧͰ͋Δɻ  
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() 200bp, =0.25, (0)= θκλ θ =
ਤදʵ7









ਤදʵ8 ʹɺ () t λ ͕Ұఆ஋λ ͷ৔߹ͷೋ߲πϦʔΛࣔͨ͠ɻਤදʵ5 ͸͘͝୹͍ظؒʹ
͓͚Δۙࣅతͳೋ߲πϦʔͰ͕͋ͬͨɺਤදʵ8 ͸ 123 ,, ttt ∆∆∆ ͷ௕͞ʹ͔͔ΘΓͳ͘੒ཱ
͢Δݫີͳೋ߲πϦʔͰ͋Δɻ 
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1 1
t e


































2 t ∆ 1 t ∆ 3 t ∆
1 1
t e


























ϧτڧ౓ () t λ Ͱ͸ͳ͘ɺਆ༷ͷ໨ͰݟͨσϑΥϧτڧ౓ *( ) t λ Λ༻͍ͳ͚Ε͹ͳΒͳ͍ɻ 
σϑΥϧτڧ౓ͷϦεΫதཱ֬཰աఔ{} *( ): 0 tt λ ą ͱۚརͷϦεΫதཱ֬཰աఔ
{} (): 0 rt tą ͕ॴ༩ͱ͢Δɻ͜ͷͱ͖ɺ্ͷઆ໌ʹै͑͹ɺঈؐ೔T ͷࣾ࠴ͷ࣌఺tͰͷཧ
࿦Ձ֨ 0(, ) dt T͸ɺ 
[] () * ()
0(, )
T
t rs s d s
t dt T Ee
λ −∫ +  =                         ( 1 4 )  
Ͱ༩͑ΒΕΔ͜ͱʹͳΔɻ 




t tT E e δ
−∫  =  ççççççççççççç(15)  
  19 
Ͱ༩͑ΒΕΔɻࠃ࠴ͷ৔߹ɺσϑΥϧτͷՄೳੑ͕ͳ͍ͷͰɺ౤ࢿՈ͸ঈؐ೔T ʹ࣮֬ʹ






ʢrisk-adjusted discount rateʣ () RtΛ 






t dt T Ee
−∫  =                            ( 1 7 )  
ͱ΋ॻ͘͜ͱ͕Ͱ͖Δɻ 




(, ) * (, )
TT
tt r s ds s ds

















(14)ࣜͷ 0(, ) dt TͰ͋Δ͕ɺલऀͷܭࢉ͸ͦΕʹ͘Β΂ͯ΍΍ෳࡶʹͳΔɻ͞ΒʹɺΫʔ
ϙϯ࠴ͷ৔߹ʹ͸ɺΫʔϙϯͱֹ໘Λ෼͚ͯߟ͑ͳ͚Ε͹ͳΒͳ͍ͷͰɺܭࢉΛ΋͏Ұஈ 













ͷଛࣦ཰ʢ̍ʵճऩ཰ʣΛ *( ) Lt ͱ͢Δͱ͖ɺ 





































































Λ1 ݸʹͱͲΊͨɻ ͜ͷؔ਺ܗΛਤදʵ10 ʹࣔ͢ɻגՁͱσϑΥϧτڧ౓͸ٯํ޲ʹಈ͘ 


































ʹ͸גओͷճऩֹ͸θϩͱͳΔͷͰɺଛࣦ཰ *( ) 1 Lt = Ͱ͋Δɻ͕ͨͬͯ͠ɺגՁͷϦεΫ
தཱաఔ͸ɺ  
  24 
[][] {} () () () , * () , () () () dS t r t d S t t S t t S t dt S t dW t λσ =− + +              ( 2 0 )  
ͱදݱ͞ΕΔ͜ͱʹͳΔɻ͜͜Ͱɺ () St͸࣌఺tͰͷגՁɺ [] () , dStt͸࣌఺tͰͷ഑౰རճ
Γɺ () rt͸࣌఺tͰͷ҆શརࢠ཰ɺσ ͸גՁͷϘϥςΟϦςΟʔͰ͋Δɻ 
స׵ࣾ࠴΍ϫϥϯτͳͲɺຬظ·Ͱͷظ͕ؒ௕͘ɺاۀͷσϑΥϧτɾϦεΫ͕ϓϥΠ
γϯάʹॏཁͳӨڹΛ༩͑ΔΑ͏ͳΤΫΠςΟʔ෺ͷۚ༥঎඼ΛϞσϧԽ͢Δ৔߹ʹ͸ɺ









1 ୯Ґͷస׵ࣾ࠴Λa୯Ґͷגࣜʹస׵Մೳͱ͢Δͱɺస׵ࣾ࠴ͷ࠷ऴՁ஋ X ͸ 













Λ [] () , VSttͰද͢ͱɺస׵Φϓγϣϯ͸ 
ç [] () , () VStt a St ą                                    ( 2 2 )   
  25 
ͱ͍͏ෆ౳ࣜͰද͞ΕΔɻ 
ಉ͡Α͏ʹߟ͑Δͱɺൃߦاۀʹ్தঈؐݖ͕ො༩͞Ε͍ͯΔ৔߹ɺ࣌఺tͰͷঈؐՁ
֨Λ () cp t Ͱද͢ͱɺ͜ͷίʔϧɾΦϓγϣϯ͸ 








ͱ͕ଟ͍ɻ͜ͷ৔߹ʹ͸ɺ࣌఺tͰͷചΓ໭͠Ձ֨Λ () pp t Ͱද͢ͱɺ͜ͷϓοτɾΦϓγ
ϣϯ͸ 




Ϟσϧͷύϥϝʔλʔͷ͏ͪɺϘϥςΟϦςΟʔσ ͸ɺൃߦاۀͷී௨גͷ 6 ͔݄ώε
τϦΧϧɾϘϥςΟϦςΟʔΛ༻͍ͨɻ҆શརࢠ཰ʹ͍ͭͯ͸ɺLIBOR ͱεϫοϓɾϨ
ʔτɾΧʔϒΛར༻ͯ͠ධՁ࣌఺ʹ͓͚ΔΠʔϧυɾΧʔϒΛܭࢉ͠ɺ͔ͦ͜Βಋ͔ΕΔ
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